C urrent therapy for patients with chronic heart failure (CHF) includes angiotensin-converting enzyme (ACE) inhibitors, ␤-adrenergic receptor blockers, and diuretics. 1 However, despite aggressive medical therapy, CHF remains a major cause of morbidity and mortality worldwide. CHF is characterized by impaired cardiac performance, inflammation, and neurohormonal imbalance. 2 Indeed, increased levels of catecholamines, cytokines, and renin angiotensin are thought to play important roles in the pathophysiology and development of CHF. 3, 4 The 3-hydroxy-3-methylglutaryl-CoA (HMG-CoA) reductase inhibitors or statins improve endothelial function 5 and decrease plasma levels of tumor necrosis factor-␣) (TNF-␣) in patients with coronary artery disease and hyperlipidemia. 6 Statins decrease the incidence of CHF in hyperlipidemic patients probably by lipid lowering and reducing subsequent ischemic cardiac events. 7 However, it is not known whether statins have additional beneficial effects in patients with established, nonischemic cardiomyopathy. Because statins improve endothelial function 8 and suppress systemic inflammatory responses, 9 we hypothesized that statins may improve cardiac function and neurohormonal imbalance in patients with symptomatic, nonischemic left ventricular dysfunction.
Methods

Participants
We studied 51 patients with symptomatic CHF in Japan. The criteria for enrollment in this study were clinical evidence of heart failure despite the conventional therapy and a left ventricular ejection fraction below 40%, as assessed by 2D echocardiography. All of the patients have New York Heart Association (NYHA) functional classification of II to III. There were 36 men and 15 women with a mean age of 54 years. All patients were diagnosed with idiopathic dilated cardiomyopathy. Ischemic and primary valvular heart disease were excluded by angiography and echocardiography. Exclusion criteria included chronic obstructive pulmonary disease, primary valvular heart disease, history or evidence of ischemic heart disease, systolic blood pressure Ͼ160 mm Hg or diastolic blood pressure Ͼ95 mm Hg, clinical conditions other than cardiomyopathy that could lead to increased cytokine levels (ie, rheumatoid arthritis and sepsis), pregnancy, and severe liver disease as defined by hepatic enzymes Ͼ2 times the upper limit of normal. Informed consent was obtained from all patients before participation in this study in accordance with institutional approved protocols.
Study Protocol
All patients were on optimal, stable doses of ␤-blockers for at least 3 months before screening echocardiography and randomization. Before receiving their randomized treatment assignment, 2 noncompliant patients were dropped from the study. Patients were randomly divided into 2 treatment groups, simvastatin (nϭ24) and placebo (nϭ27). Simvastatin was administered orally after a placebo run-in period of 2 weeks. The initial dose of simvastatin was 5 mg/d, which was increased to a final dose of 10 mg/d after 4 weeks. The type of ␤-blockers used was not different between the placebo and treatment groups (Table 1) , and with the exception of 3 patients who discontinued ␤-blocker therapy because of hypotension, the doses of ␤-blockers, ACE inhibitors, and diuretics were not adjusted during the 14-week course.
Blood samples were collected in test tubes containing EDTA at baseline and after 14 weeks of treatment with patients in the supine position for at least 30 minutes. The plasma was separated from blood cells by centrifugation and frozen at Ϫ80°C. Plasma norepinephrine was measured by high-performance liquid chromatography.
Plasma concentrations of atrial natriuretic peptide (ANP), brain natriuretic peptide (BNP), and aldosterone were measured using a specific immunoradiometric assay. 10 TNF-␣ and interleukin-6 (IL-6) levels were measured using high-sensitivity ELISA (Quantikine HS, R&D Systems). The personnel performing these assays were blinded to the patients' treatment assignment.
M-mode echocardiography was performed with 2D monitoring using a Sono layer phased-array sector scanner (model SONOS 5500, Hewlett Packard) before and after 14 weeks of treatment with simvastatin or matching placebo. Screening echocardiograms were performed after a placebo run-in period of 2 weeks to eliminate the effects of other drugs. Left ventricular volumes were calculated using Teichholtz's formula and used to determine LVEF. 11 All echocardiograms were read by the same physician, who was blinded to patients' treatment, assignment, and time point.
Flow-mediated dilatation (FMD) of the brachial artery was determined according to established and validated methods. 12 Images were obtained with 10-MHz linear-array transducer (Hewlett Packard). Imaging was performed in the morning with the patients in a fasting state, resting quietly for at least 10 minutes in a light-and temperature-controlled room. After baseline measurements of the brachial artery diameter, a blood pressure cuff was inflated to 200 mm Hg over the proximal portion of the right forearm for 5 minutes. FMD was determined 1 minute after release of the cuff. 13 The brachial ultrasound studies were interpreted by the same physician blinded to patient treatment assignment and time point.
All of the patient providers, including the echocardiographer and ultrasonographer, were blinded to plasma lipid levels and drug allocation, and the same physician made the NYHA assignments at baseline and after 14 weeks of treatment.
Statistical Analysis
Baseline characteristics were compared by Fisher's exact or Cochran-Mantel-Haenszel test for categorical variables. ANOVA was used to test for treatment group baseline differences for continuous variables. Hemodynamic and hormonal responses to various statins were compared by parametric ANCOVA, with the baseline level used as the covariate. Within-treatment analyses of changes were performed at 0.05 significance level by Student's t test.
Results
Medications were well tolerated over the 14-week period. Forty-eight (94%) of 51 patients completed the protocol. Of the 3 patients who failed to complete the protocol, 1 received simvastatin and withdrew from the study because of gastrointestinal disturbance. One patient with placebo and 1 patient with simvastatin were admitted to the hospital for worsening congestive heart failure and were excluded from the study because of changes in dose and type of medications. No patients died during the 14-week study. In addition, with the exception of 3 patients who discontinued ␤-blocker therapy because of hypotension (1 patient in placebo group [carvedilol] and 2 patients in statin group [1 carvedilol and 1 bisoprolol]), the doses of ␤-blockers (carvedilol, 20 mg/d; metoprolol, 120 mg/d; bisoprolol, 5 mg/d), ACE inhibitors, and diuretics were not altered during the course of the entire study.
There were no differences in age, gender, NYHA functional class, body mass index, lipid profile, hemodynamic parameters, LVEF, or concurrent medications between the stain and placebo groups (Table 1) . Of the patients taking ␤-blockers in the placebo and statin groups, there were no differences in the number of patients taking either carvedilol (13 versus 11 patients; 52% versus 48%, PϾ0.05), metoprolol (2 versus 1 patients; 8% versus 4%, PϾ0.05), or bisopro- (Table 2) .
Blood pressure and heart rate were not different between the statin and placebo groups either before or after treatment. However, patients who received simvastatin demonstrated improved functional capacity compared with patients receiving placebo ( Figure 1A ). In the statin group, 39.1% of patients had an improved functional class, 56.6% remained unchanged, and 4.3% deteriorated. In contrast, in the placebo group, 16% of patients improved, 84% remained unchanged, and 12% deteriorated (PϽ0.01 between the groups). The functional improvement in the statin group was associated with improved cardiac performance. Compared with the placebo group, patients treated with simvastatin have higher LVEF ( Figure 1B) . The increase in LVEF was attributable predominantly to a decrease in left ventricular end-systolic volume (Figures 2A and 2B) .
Plasma levels of ANP, BNP, norepinephrine, aldosterone, or cytokines such as TNF-␣ and IL-6 were unchanged after 14 weeks in the placebo group. Plasma level of BNP, but not ANP (from 76.5Ϯ10.3 to 67.3Ϯ7.6 pg/mL), was decreased after statin therapy ( Figure 3A) . Plasma norepinephrine also tended to decline in patients treated with statins (from 420Ϯ49 to 398Ϯ67 pg/mL). This effect was not different from the changes observed in the placebo group, and there was no difference in aldosterone concentration between the 2 groups (placebo, from 62.4Ϯ9.2 to 67.1Ϯ8.2 pg/mL; statin group, from 74.3Ϯ21.7 to 63.3Ϯ19.2 pg/mL). Plasma levels of TNF-␣ and IL-6 were decreased in patients receiving simvastatin ( Figures 3B and 3C) .
Endothelial function was assessed using high-resolution B-mode ultrasonography of the brachial artery before and after cuff-induced transient ischemia of the forearm. After treatment with simvastatin, flow-mediated brachial artery vasodilation improved from 8Ϯ2% to 13Ϯ2% (PϽ0.01). No significant changes were observed in the placebo group (Figure 4) . Multivariate analysis of changes in LDL cholesterol levels showed that serum cholesterol was not a significant predictor of statin-induced improvement in endotheliumdependent vasodilation in patients with CHF.
There were positive correlations between changes in ejection fraction and percent improvement in IL-6 (␥ϭ0.69, PϽ0.01), TNF-␣ (␥ϭ0.61, PϽ0.05), and BNP (␥ϭ0.72, PϽ0.01) concentrations before and after 14 weeks of statin therapy. These findings suggest that statin may improve cardiac function, in part, by modulating the inflammatory state. 
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Discussion
The present study demonstrates that short-term statin therapy has beneficial effects in patients with nonischemic, dilated cardiomyopathy. Statin decreased markers of inflammation and improved neurohormonal imbalance and cardiac function. These effects correlated with improved symptoms and suggest that statin may be therapeutically useful in patients with CHF with whom the medication may not otherwise be indicated.
Although we did not address the mechanism by which statins improve left ventricular function in this study, some of the beneficial effects could be explained, in part, by the reduction in systemic inflammation. For example, inflammatory cytokines, which are produced by activated macrophages, vascular wall cells, and cardiac myocytes, are elevated in CHF. 14, 15 These cytokines, especially TNF-␣ and IL-6, exert negative inotropic effects and induce apoptosis in cardiac myocytes. 16 Although the anti-inflammatory effects of statins may contribute to some of their beneficial effects in CHF, we cannot exclude the possibility that plasma levels of TNF-␣ and IL-6 were reduced in response to improvement in cardiac function by statins.
Statins also inhibit the synthesis of isoprenoids, which are required for the posttranslational modification of important signaling molecules such as Rho, Rac, and Ras. 17, 18 In particular, inhibition of Rho geranylgeranylation leads to increased endothelial NO production 19 and decreased endothelin-1 expression, 20 factors that are favorable to improving endothelial function. Furthermore, inhibition of Rac by statins decreases vascular and myocardial oxidative stress by inhibiting Rac-induced NAD(P)H oxidase activity. 21, 22 Indeed, worsening heart failure is characterized by increased formation of oxygen-derived free radicals, 23 which can scavenge and inactivate NO.
Finally, statins may modulate the remodeling process of heart failure through effects on matrix metalloproteinases (MMPs). For example, myocardial MMPs are increased during the development of dilated cardiomyopathy. 24, 25 Targeted deletion of the MMP-9 gene in mice reduces left ventricular dilatation after experimental myocardial infarction, suggesting that MMP-9 plays an important role in the progression to heart failure. 26 Statins suppress growth of macrophages expressing MMP-9, MMP-3, and MMP-1. 27, 28 Thus, it is possible that statins improve cardiac function in patients with CHF by exerting inhibitory effects on MMPs.
Although we did not address the effects of statins on patient outcomes, our findings that short-term statin therapy improves cardiac function should pave the way for additional large-scale clinical trials to evaluate the long-term clinical benefits of statin therapy in normocholesterolemic patients with nonischemic, dilated cardiomyopathy. 
